Thermodynamics of a transition state analogue inhibitor binding to Escherichia coli chorismate mutase: probing the charge state of an active site residue and its role in inhibitor binding and catalysis.
Electrostatic interactions play important roles in the catalysis of chorismate to prephenate by chorismate mutase. Mutation of Gln88 to glutamate in the monofunctional chorismate mutase from Escherichia coli results in an enzyme with a pH profile of activity significantly different from that of the wild type protein. To investigate whether the mutation alters the substrate binding process or the catalysis, we have directly determined the thermodynamic parameters of a transition state analogue inhibitor binding to the wild-type chorismate mutase and its Q88E mutant using isothermal titration calorimetry. The results demonstrate that solvent reorganization and hydrophobic interactions contribute the predominant free energy to inhibitor binding. The charge state of Glu88 in the Q88E mutant was experimentally determined and was shown to be protonated at pH 4.5 and ionized at pH 7.8, consistent with earlier hypotheses. Most surprisingly, inhibitor binding energetics do not exhibit significant pH dependency for both enzymes. Our findings indicate that the charge state of Glu88 has a small impact on inhibitor binding but plays an important role in the catalytic process.